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Role of Mitofusin-2 in High Mobility Group Box-1 Protein-Mediated Apoptosis of T Cells in Vitro

Introduction
In spite of improvements in basic science and clinical medicine, the complex immune dysregulation associated with sepsis results in a high rate of morbidity as well as mortality. Numerous studies in both animals and patients have disclosed a profound apoptosis of peripheral and splenic T lymphocytes during sepsis [1] [2] [3] [4] . It is well known that activated T cells play an irreplaceable role in adaptive immune response through secreting different cytokines and modulating costimulatory molecule expression on the cell surface. Loss of T cells directly impairs the adaptive immune response and indirectly induces immune tolerance of macrophages and dendritic cells (DCs) which engulf these apoptotic cells, rendering the septic host susceptible to secondary or opportunistic infections [5, 6] . Moreover, it has been shown that mitigation of T cell apoptosis dramatically reverses immune dysfunction and improves survival in severe sepsis [7] .
Although apoptosis of T lymphocytes is a common feature in sepsis, the precise death inducing stimuli and other critical elements still need further clarity. High-mobility group box-1 protein (HMGB1), a nuclear DNA-binding protein secreted by immune cells, such as monocytes, macrophages, and DCs, is recognized as one of pro-inflammatory mediators in sepsis [8] . It was reported that plasma level of HMGB1 was elevated in patients with severe sepsis, and it was correlated with organ dysfunction and patient's outcome [9] . Extracellular HMGB1 is regarded as a danger signal to activate the innate immune system, but also have profound effects on behaviour of immunocompetent cells in adaptive immunity. Accumulating evidences demonstrate that exogenous HMGB1 exerts a potent immunoregulatory effect on a variety of immune cells, as it promotes the expressions of costimulatory molecules and cytokines in DCs [10] , the most potent antigen-presenting cell (APC), and regulates migratory responses of macrophages and neutrophils [11] , and in particular it induces apoptosis of macrophages in vitro [12] . In addition, our recent study indicated that HMGB1 had a dual regulatory effect on immune function of T cells varying with different concentrations and stimulation time [13] . Nevertheless, the significance of HMGB1 in inducing T-cell apoptosis and its potential mechanism remained unclear.
The early events in apoptosis are now generally known to occur in mitochondria and the endoplasmic reticulum (ER), where Ca 2+ signals are regulated and cell fate is determined. To T lymphocytes, the increase in intracellular Ca 2+ ([Ca 2+ ] i ) by store-operated Ca 2+ entry (SOCE) is mainly dependent on Ca 2+ release-activated Ca 2+ (CRAC) channels [14] . Mitochondria fusionrelated protein mitofusin-2 (Mfn2), a member of mitochondrial dynamin-related GTPases, is reported to be present both in mitochondria and ER, and it regulates mitochondrial uptake of Ca 2+ released by the ER [15] . More recently, Mfn2 was found to be involved in regulating migration of stromal interaction molecule 1 (STIM1), which a protein essential for CRAC channel activation [16] . Therefore, we hypothesized that Mfn2 could regulate the progression of T-cell apoptosis through Ca 2+ signals. In present study, we attempt to identify the apoptotic effect of HMGB1 on T cells in vitro, and to investigate the potential role of Mfn2 during this process. We showed that treatment with HMGB1 markedly promoted Bcl-2 degradation and Bax accumulation in the mitochondria, and also elevated intracellular Ca 2+ levels with collapse of mitochondrial membrane potential, ultimately leading to apoptosis. Overexpression of Mfn-2 in Jurkat T cells maintained Ca 2+ homeostasis and conferred resistance to HMGB1-induced apoptosis. These findings expand the understanding of HMGB1 induced immune dysfunction in sepsis and reveal a role for Mfn2 in disturbance of Ca 2+ homeostasis T cell apoptosis, which might constitute a novel approach to therapeutic intervention for T cell apoptosis related diseases.
Materials and Methods
Media and reagents RPMI 1640, fetal bovine serum (FBS), glutamine, penicillin, streptomycin, and HEPES were purchased from Gibco, CA. PMA, ionomycin and a cell mitochondrial isolation kit were purchased from the Beyotime 6 /ml) were unstimulated or stimulated with PMA (50 ng/ml)/ionomycin (1 μM) [P/I], and then incubated with recombinant HMGB1 at different concentrations (0, 20, 100, 500 ng/ml ) or PBS, and cells were cultured for 0, 24 or 48 hours, respectively. After culture and stimulation as indicated above, cells were collected for Western blot analysis, reverse transcription polymerase chain reaction (RT-PCR) and flow cytometric analysis.
Lentivirus generation and transfection
A full-length human Mfn2 cDNA was obtained from Genscrip Corporation (Piscataway, NJ). Lentivirus vectors expressing the DNA fragments encoding full-length Mfn2 (LV-Mfn2) was synthesized and provided by GeneChem Co. Ltd., Shanghai, China. As a control, a lentiviral vector that enveloping pGC-FU alone (LVpGC-FU) was also generated. Transfection was performed according to the manufacturer's instruction in Lentiviral Vector Particle. Jurkat T cells(1×10 6 /ml) were plated in cell culture flask(25cm 2 ) and cultured for 12 h. Then, lentivirus was diluted into final concentrations of 5×10 7 TU/ml with culture medium which also contain 5μg/ml polybrene to enhance transfection effciency. After co-culture with lentivirus 12h, 2.5ml fresh RPMI 1640(10% FBS) was added. Transfection effciency of lentiviral vector in Jurkat T cells was monitored by Western blot for Mfn2 three days after transfection. The results were showed in Fig.5 at multiplicity of infection (MOI)=50.
For the another part of experiments, T cells (1×10 6 /ml) were infected with LV-Mfn2 or LV-pGC-FU will incubated with PMA (50 ng/ml)/ionomycin (1 μM) for 6 hours, and then incubated with recombinant HMGB1(500ng/ml,24h), after that, cells were collected for Western blot analysis and flow cytometric analysis.
Flow cytometric analysis
Flow cytometry was carried out using a FACScan flow cytometer (BD Biosciences, Mountain View, CA) equipped with a 15mW 488 nm argon ion laser. Approximately 10000 cells were analyzed from each treatment. Data acquisition was performed using CellQuest software.
Annexin V-FITC and PI staining: Apoptotic cells were identified and quantified using the Annexin V-FITC kit according to instructions of the manufacturer.In briefly, cells were stained with Annexin V (green, to identify apoptosis at an early stage) and PI (red, to identify late apoptosis or already dead). Jurkat T cells (1×10 5 /ml) were collected and washed twice with cold PBS, and then resuspended in 100 μl binding buffer, to which were added 5 μl Annexin V-FITC and 5 μl PI. After incubation for 15 minutes in darkness at room temperature (RT), the cells were diluted with 400 μl binding buffer and analyzed by flow cytometry within 1 hour using a FACScan.
Mitochondrial membrane potential assay: Mitochondrial membrane potential was measured by flow cytometry using the lipophilic cation 5',6,6'-Tetrachloro-1,1',3,3'-tetraethylbenzimidazolylcarbocyanine iodide (JC-1). Following treatment with rhHMGB1, cells were stained with 20μM JC-1 for 30 minutes at 37°C. Fluorescence was monitored with the fluorescence plate reader at wave lengths of 490 nm (excitation)/540 -sensitive fluorescent dye Fluo-3/AM. Following exposure, cells were washed twice with HBSS, and 5 μM of Fluo-3/AM was loaded for 30 minutes at 37°C in the presence of 0.06% pluronic F-127. Cells were diluted five times in phenol red-free RPMI 1640 that contained 1% FBS, and they were incubated for another 30 minutes at 37°C. They were then trypsinized, and washed three times with HEPES buffer saline. The intracellular calcium was analyzed immediately for Fluo-3/AM fluorescence intensity by flow cytometry (excitation at 488 nm and emission at 525 nm).
SYBR green real-time RT-PCR
After cells were treated as indicated, total RNA was extracted from cells using the single-step technique of acid guanidinium thiocyanate-chloroform extraction according to the manufacturer's instruction (Promega, Madison, WI). The concentration of purified total RNA was determined spectrophotometrically at 260 nm. mRNA expressions of Mfn2 were quantified in duplicate by SYBR green two-step, real-time RT-PCR. As an internal control, PCR of GAPDH was performed under the same condition using primers. PCR reaction mixture was prepared using SYBR Green PCR Master Mix with the primers as shown in Table 1 . Thermal cycling conditions were 10 minutes at 95°C followed by 40 cycles of 95°C for 15 seconds and 60°C for 1 minute on an Sequence Detection System. Mfn2 gene expression was normalized with GAPDH mRNA content.
Preparation of the whole cell lysate, cytoplasmic and mitochondrial fractions
Cells were collected and washed with cold PBS, and lysed in a density of 10 6 cells/50 μl of lysis buffer (150 mM NaCl, 1.0%NP-40 or 0.1% Triton X-100, 0.5% sodium deoxycholate, 0.1% SDS, 50 mM Tris-HCl pH 8.0, protease inhibitors). After incubation on ice for 30 minutes, the homogenate was centrifuged at 12000 rpm for 25 minutes at 4°C and whole cell protein content in the supernatant. Cytoplasm and mitochondria proteins were collected using a cell mitochondrial kit from Beyotime (Beijing, China) in accordance with the manufacturer's instructions. Briefly, after treatment with rhHMGB1 (500 ng/ml) for 24 hours, 6×10 7 cells were harvested and washed twice with ice-cold PBS. They were then incubated in cell lysis buffer (250 mM sucrose; 1 mM DTT; 10 mM KCl; 1 mM EDTA; 1 mM EGTA; 1.5 mM MgCl 2 ; phenylmethylsulfonyl fluoride; 20 mM HEPES, pH 7.4) at 4°C. The cell lysate was centrifuged at 800×g for 10 minutes to remove any unbroken cells, and the supernatant was further centrifuged at 15000×g for 10 minutes at 4°C. The resulting supernatant contained the cytoplasmic fraction and the pellet contained the mitochondrial fraction. Mitochondrial pellet was further resuspended in a mitochondrial lysis buffer at 4°C, and both the resuspended mitochondrial pellet and the supernatant were further centrifuged at 24000×g at 4°C to remove the nuclei. The protein concentration of the whole cell lysate, cytoplasm and mitochondria was measured by the Bradford method using BSA as a standard.
Western blotting analysis
Cell lysis, SDS-PAGE separation, transfer to nitrocellulose membranes, and development of blots using an Amersham ECL TM advance Western blotting detection kit were performed as described previously. 
Hoechst 33342 staining
After being treated as mentioned above, changes in apoptotic Jurkat T cells were determined by nuclear staining with the chromatin dye Hoechst 33342. Briefly, cells were fixed for 1 hour in 4% paraformaldehyde at room temperature, and then exposed to 5 μg/ml Hoechst 33342 for 30 minutes at 37°C in darkness. Cells were observed under a fluorescence microscope. Representative fields were photographed for each experiment.
Measurement of caspase activity
Caspase activity (caspase-3, -8, and -9) was measured using three caspase assay kits from R&D Systems. Cells were lysed according to the manufacturer's instructions, and protein concentration was quantified using the Bradford method. Cell lysates (from 10 6 cells) were incubated with 5 mM dithiothreitol, and the caspase-3, -8, and -9 colorimetric substrates were conjugated to color reporter molecule p-nitroanilide (DEVD-pNA, IETD-pNA, LEHD-pNA) in reaction buffer for 2 hours at 37°C. Cleavage of substrate was quantified using a microplate reader to determine absorbance at 405 nm.
Statistical analysis
Data were represented as mean ± standard deviation (SD), and analyzed with one-way ANOVA. Fisher's least significant difference (LSD-t) was used to evaluate significant differences between groups. P<0.05 was considered statistically significant.
Results
HMGB1-induced apoptosis of Jurkat T cells
To investigate the effect of HMGB1 on T-lymphocyte apoptosis, Jurkat T cells were treated with different concentrations of HMGB1 for different duration after being unstimulated or stimulated with P/I. Two kinds of apoptosis assay techniques were used, i.e., Annexin V-FITC conjunction with PI to identify early apoptotic cells, Hoechst 33342 staining for doublestranded DNA to observe nuclear fragmentation or apoptotic body. As shown in Fig. 1A and 1B, treatment with 100 ng/ml HMGB1 for 24 hours or 48 hours significantly induced apoptosis of Jurkat T cells (P<0.01), and with increasing concentrations of HMGB1, the percentage of apoptotic cells was also markedly increased in timepoint 24hours (P<0.01). In line with observation above, the fluorescent microscopic images showed that the longer incubation period and higher concentration of HMGB1, the more cells were found to be accompanied with apoptotic body (Fig. 1C) . However, no significant difference in T lymphocytes was observed between P/I stimulation only group and low-dose HMGB1 (20 ng/ml) group. In addition, marked necrosis or late apoptosis could be noted in activated T cells exposed to 500 ng/ml HMGB1 for 48hours.
HMGB1 activated T cell mitochondrial apoptosis pathway
In order to discriminate which apoptotic pathway was responsible for HMGB1-induced apoptosis, we examined the activation status of caspase-3, caspase-8, as well as caspase-9 in response to 500 ng/ml HMGB1 stimulation for 24 hours. On the one hand, P/I elicited significant caspase-8 activation (P<0.05) compared with normal. On the other hand, activities of all these caspases were elevated significantly after being exposed to HMGB1 compared with control group in the same cell, such as normal cell, LV-pGC-FU transfected cell(P<0.01, Fig. 2 ). Caspase-9 (1.9-fold) was shown to be more active than caspase-8 (1.3-fold) following HMGB1 stimulation.
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
To further verify the signaling events involved in HMGB1-induced apoptosis, we investigated the potential role of HMGB1 in regulating mitochondrial Bcl-2 family members. Notably, a mitochondrial protein abundance of Bcl-2, which was an antiapoptotic member, was decreased. In contrast, Bax, a proapoptotic member of the family, was translocated from the cytoplasm to the mitochondrial membrane (Fig. 3) . Thus, HMGB1 promoted apoptosis of T cells by activation of caspase-9 and caspase-3, rather than caspase-8, and they greatly 
Mfn2 was involved in apoptosis of T cells induced by HMGB1
Our previous study have demonstrated that Mfn2 expression was markedly suppressed in T lymphocytes from mice by treatment with HMGB1. To determine if Mfn2 decline is responsible for the proapoptotic effect of HMGB1 on human T cell line, mRNA and protein levels of Mfn2 after HMGB1 stimulation were determined. Upon T cell activation, Mfn2 gene expression was enhanced (P<0.01). HMGB1 stimulation reduced Mfn2 gene expression in a dose-dependent fashion with a slight increase in 20ng/ml, resulting in about 50% inhibition after treatment of 500 ng/ml HMGB1 for 24 hours (Fig. 4A, P<0.01) . Similarly, Western blot analysis showed that HMGB1 treatment concomitantly diminished Mfn2 protein abundance in activated T cells (Fig. 4B and 4C) .
To further explore the potential role of Mfn2 in HMGB1-induced apoptosis, we constructed a lentiviral vector expressing either Mfn2 (LV-Mfn2) or LV-pGC-FU (as a control Fig. 2 . Caspase-3, -8, and -9 activities in Jurkat T cells with LV-Mfn2 or LV-pGC-FU transfected exposed to 500 ng/ml HMGB1 (control, P/I) for 24 hours. The values were represented as the mean ± SD of three replicates. *Statistically significant difference when compared with the unstimulated cells (P<0.05), #Stati-stically significant when compared with the CORRESPONDING LV-pGC-FU cells(P<0.01); &Statistically significant difference when compared with normal cells (P<0.01).
Fig. 3. HMGB1-induced Bax insertion and Bcl-2 decrease in mitochondria of Jurkat T cells. (A)After HMGB1
stimulation (500 ng/ml) as indicated, cytoplasma and mitochondrial fractions were analyzed for the presence of Bax and Bcl-2 using Western blotting. (B and C) Results of gray intensity in interest band. β-actin and Cox IV were used as loading controls for the cytoplasmic and mitochondrial proteins, respectively. Results of three independent experiments were shown as the mean ± SD. *Statistically significant difference when compared with the control (P<0.05). importantly, overexpression Mfn2 could protect T cells against HMGB1-induced apoptosis. As expected, more viable cells were revealed with H33342 staining in LV-Mfn2 than LV-pGC-FU after HMGB1 stimulation (Fig. 6A) . Notably, in absence of HMGB1, a part of T cells transfected with LV-Mfn2 became apoptotic (P<0.01, Fig. 6 ). Taken together, the above results indicated that Mfn2 might be a key element in modulation of HMGB1-induced apoptosis of T cells.
Overexpression of Mfn2 attenuated the apoptotic effect of HMGB1 through influencing calcium concentration and mitochondrial membrane potential in T cells
It is well known that Ca 2+ homeostasis controls a diversity of cellular processes including proliferation as well as apoptosis. Meanwhile, there are several clues indicating that Mfn2 plays a regulatory role in intracellular calcium signaling. The influence of Mfn2 on [Ca 2+ ] i signaling with or without HMGB1 stimulation was investigated using a Ca Next, to clarify whether variations in cytoplasmic calcium were associated with mitochondrial membrane potential of Jurkat T cells, another fluorescent probe JC-1 was used. This stabilization effect was also confirmed by mitochondrial membrane potential assay (Fig. 9) . Additionally, overexpression of Mfn2 preferentially inhibited the activity of caspase-9 (Fig. 2) . This result further substantiates our conclusion that HMGB1 promotes apoptosis of T cells via the mitochondrial apoptotic signaling pathway.
Discussion
In 1999, Wang et al. described HMGB1 as a late mediator in lethal endotoxemia by exacerbating systemic inflammatory response and organ dysfunction [17] . To date, studies by our group and others indicate that HMGB1 also has immune-modulatory effects besides its proinflammatory activity. Intracellular HMGB1 was discovered to serve as a sentinel for DNA and RNA activation in the innate and subsequent adaptive immune response [18] . On the other hand, extracellular HMGB1 is potent in initiating immune responses by inducing migration and activation of antigen presenting cell [10, 11] , and in turn, mediating Th1 polarization [19] . With the increased concentration and prolonged stimulation time, HMGB1 inhibits T cell proliferation activity, with shifting of Th1 to Th2, and enhancement of suppressive capacity of CD4 + CD25 + Tregs in vitro [13, 20] . Corroborating above findings, in the current study we have shown that a high dose of HMGB1 notably induced apoptosis of Jurkat T cells (a human T cell line), but not in a low concentration.
It is noteworthy that the release of HMGB1 into the extracellular milieu begins 8-12 hours after ligation of Toll-like receptors (TLRs), and its concentration continues to increase for 18-36 hours [17] . In clinical settings, most patients with sepsis will survive the initial hyper-inflammatory phase followed by the development of a sustained immunosuppressive state, and at that time T cells undergo apoptosis [4] . Thus, the kinetics of HMGB1 secretion coincide with the shift toward an immunosuppressive state in sepsis, and HMGB1 may be responsible for a persisting immune dysfunction in patients. Therefore, it seems that attenuating systemic HMGB1 accumulation is beneficial with lowering mortality in animal studies [21] .
Autopsy studies in patients who had died of severe sepsis revealed a profound, progressive apoptosis of CD4 + T cells [3] . Similar phenomenon is also found in septic animals. Apoptosis of T cells is recognized as a critical event in immunosuppressive state in sepsis. Nevertheless, it has been shown that the magnitude of T-cell apoptosis has been positively correlated with ] i was monitored by using a fluorescence-activated cell sorter (FACS) with fluorescent probe, Fluo-3/AM in during 0-13h. PMA (50ng/ml)/ionomycin (1μM)[P/I] and HMGB1(500ng/ml) were added to cell culture medium at time point of 1h and 7h, respectively. Data represent mean ± SD from 2 independent experiments performed in triplicate.
Cellular Physiology and Biochemistry
Cellular Physiology and Biochemistry sepsis severity [22] , and with prevention of T-cell apoptosis improved the host response to sepsis [23, 24] . To elucidate the precise pathway of inducing apoptosis of T cells and apoptotic mechanism in sepsis is an urgent and vital task. Our data demonstrated that HMGB1 was a key factor to elicit T-cell apoptosis. Meanwhile, it was found that treatment with HMGB1 could decrease the level of mitochondrial anti-apoptotic protein Bcl-2, while increase Bax mitochondrial accumulation, and activate caspases in T cells. Although both caspase-8 and caspase-9 are activated in this process, the degree of caspase-8 activation is lower than that of caspase-9. Furthermore, the interaction between the mitochondrial pathway and the death receptor-mediated pathway might be feasible that activated caspase-9 could result in activated caspase-8 or vice versa [25] . Therefore, it is believed that apoptotic effect of HMGB1 on T cells is mainly mediated by the mitochondrial apoptotic pathway. Nevertheless, nuclear shrunk of T cell after HMGB1 treatment was observed by fluorescence microscope in a time-and concentration-dependent manner. As a nuclear-associated protein, HMGB1 released from apoptotic cells or necrotic cells may exacerbate T cell apoptosis based on more necrosis or late apoptosis emerged in 48h with 500ng/ml HMGB1. 
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
It is interesting to note that, as a mitochondrial fusion protein, Mfn2 has low GTPase activity and efficiency in mitochondrial tethering reaction [26] . There is growing evidence supporting that additional role for Mfn2 other than the regulation of the mitochondrial morphology. Mfn2 also locates in ER and it is enriched at the contact site between ER and mitochondria. Deletion of Mfn2 impairs the ER-mitochondria juxtaposition and Ca 2+ signals between them [15] . More recently, Mfn2 was reported to play a role in regulation of CRAC protein trafficking across the ER. Cells lacking Mfn2 seem to be more sensitive to mitochondrial depolarization, suggesting that there is a significant correlation between Mfn2 and Ca 2+ influx [16] . Sustaining [Ca 2+ ] i elevation leads to collapse of mitochondrial membrane potential, triggering intrinsic apoptotic pathway [27] . In this context, we have utilized fluorescent probes to detect [Ca 2+ ] i and mitochondrial membrane potential. Not surprisingly, HMGB1 induced Ca 2+ overload in T cells and destroyed mitochondrial membrane potential intensively. When T cells were incubated with HMGB1, the expression of Mfn2 was decreased gradually in a dose-and time-dependent manner. In contrast, with preservation Cellular Physiology and Biochemistry of Mfn2 expression was shown to prevent Ca 2+ disequilibrium with resistance of HMGB1-induced apoptosis of T cells. Therefore, down-regulation of Mfn2 expression of T cells by HMGB1 maybe the key process responsible for apoptosis. Besides, these observations are in agreement with the fact that Mfn2 is a protective factor in host suffering from cold stress, DNA damage and cellular injury due to reactive oxygen species [28, 29] . Neuspiel et al. have reported that Mfn2 activity could affect mitochondrial recruitment of Bax during cell death, and activation of Mfn2 protected the mitochondria from permeability transition [30] . However, in other scenario, Mfn2 acts as a proapoptotic molecule as well. For instance, overexpression of Mfn2 in vascular smooth muscle cells and cardiomyocytes causes inhibition of Akt signaling resulting in activation of the mitochondrial apoptotic pathway [31, 32] . It is worth notice that without GTPase activity Mfn2 still retains its proapoptotic effect, and it indicates that Mfn2-induced apoptosis is independent of mitochondrial fusion [32] . Therefore, the mechanisms underlying involvement of Mfn2 in programmed cell death are as follows: 1) promoting mitochondrial fusion; 2) reducing Bax activation and cytochrome C release by co-localization with activated Bax; 3) interfering with the Ras-PI3K-Akt pathway; 4) affecting intracellular Ca 2+ signalling. The first two pathways are cell protective, whereas the third may bring about cell death. The exact effect of Mfn2 in apoptosis may depend on cell type and stimuli in determining which mechanism is predominant. Apart from that, the relationship between Mfn2 and Ca 2+ signaling still requires further clarification. Recently, Ngoh et al. demonstrated that pharmacologic induction of ER stress could upregulate Mfn2 expression, and ablation of the Mfn2 gene had also been shown to sensitize cells to ER stress-induced cell death [33] . Elevating Mfn2 expression enhanced mitochondria-ER connection, thus probably affecting Ca 2+ transfer and amplification of apoptotic signals [15, 34] . On the other hand, cellular deficiency of Mfn2 would be devoid of a homeostatic mechanism to counteract the deleterious effects. We concurred in our previous work that reduction of Mfn2 expression was associated with a declination in NF-AT activity of T cells by disturbing Ca 2+ signals [13] . However, in the current study, we have shown that up-regulation of Mfn2 impaired Ca 2+ homeostasis of T cells, and a part of cells underwent apoptosis eventually. Thus, it is conceivable that Mfn2 may play a dual role in regulation of intracellular Ca
2+
. Either arise or a fall of Mfn2 expression influences Ca 2+ signals, therefore maintaining a certain amount of Mfn2 will be profitable for organism to guard against a variety of different stresses and lesions.
As a ubiquitous second messenger, the pivotal role of Ca 2+ signaling in cellular function of T lymphocytes including differentiation, proliferation, apoptosis, and effector function is well characterized. To our knowledge, the rapid Ca 2+ influx is absolutely crucial for the activation of T cells, while continuous high Ca 2+ signals and subsequent high mitochondrial Ca 2+ load are correlated with apoptosis [27, 34] . Whether it is a transient elevation, a repetitive oscillation, or a sustained elevation, SOCE via CRAC channels is the major pathway for [Ca 2+ ]i elevation in T cells. More recently, the morphology change of ER and mitochondria induced by the loss of mfn2 has been observed at the ultrastructural level. Contrary to de Brito OM et al. study [15] , the results showed the juxtaposition of ER and mitochondria is increased by loss of mfn2, suggesting that Mfn2 is not essential for this process [35] . In view of the effect of Mfn2 on juxtaposition of ER and Mitochondria is too ambiguous to determine. To get further insight into Mfn2 and intracellular Ca 2+ , the relationship between Mfn2 and CRAC channel are needed to explore immediately.
In summary, we have identified the apoptotic effect of HMGB1 on T cells. Up-regulation of Mfn2 in T cells provides a resistence to HMGB1-induce apoptosis by maintain Ca 2+ homeostasis. As intracellular Ca 2+ is vital to T cells, Mfn2 may also be a essential regulator of the T cell function. Because dysfunction of T cells appears to be a crucial cellular process involved in the development of immunologic diseases/autoimmune diseases, these findings might disclose new drug targets and therapeutic strategies for sepsis, autoimmunity as well as immunodeficency diseases. 
